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ABSTRACT 

Th^s paper presents results of a study aimed at determining the feasibility 
of using chemical getter beds to scavenge tritium from inert gases. Two types 
of getter bed — fixed and fluldlzed — were considered, using cerium as the 
Setter material. Mathematical-modellne results and capital-cost estimates 
indicate that not only is the gettering approach technically feasible, it could 
lead to considerable cost savings over catalytic oxidation, the tritium-removal 
method traditionally used. 
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INTRODUCTION 

The removal of tritium from Inert gases has two important controlled 
thermonuclear reactor (CTR) applications: scavenging tritium from the 
atmosphere of a room contaminated by a spill (at room temperature and pressure) 
and the routine removal of tritium from blanket coolant Rases (at high tem
perature and pressure). The tritium-removal process traditionally used Is to 
oxidize the tritium to "ater catalytically, and then adsorb the water using a 

1 2 molecular sieve. ' This approach, however, involves a high capital cost and 
converts tritium from T„ gas to the more hazardous TjO form. 

A logical alternative is to use a chemical getter to absorb the tritium 
directly. Direct absorption would eliminate the production of undesirable T«0. 
Moreover* a getter system may use fewer or cheaper materials and, therefore, 
be less expensive. 

This papei summarizes a study of the feasibility cf such a getter system. 
A more detailr-i account of the study is given in Ref. 3. 

SYSTEM PERFORMANCE PARAMETERS AND GETTER SELECTION 

The major emphasis of the study was on evaluating the feasibility of a 
getter system to clean up spills in a reactor working space. To compare the 
getter system with the catalytic-oxidation system, the following guidelines 
were established: 

3 
• A volume of 21,600 m is contaminated with 21.6 g of T,, making the 

1 * 
initial tritium level 10 Ci/m (3.8 ppm). 

• After 24 hr of purification, the tritium level must be down to 
500 yCi/m . (Assuming 40 volume changes may be necessary to achieve 
this reduction because of surfaces adsorbing and desorbing tritium, 

2 
gives a system-flow requirement of 10 ra /s.) 

• The contaminated volume contains only argon and tritium. The effects 
of impurities are considered only qualitatively. 

This volume is about one-sixteenth that needed to house a fusion-fission 
hybrid reactor.^ A system of any required capacity can be obtained by using 
several .getter systems in parallel, as appropriate. 
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The system is conceived as one that should run for a short time (cPR., 
26 )ir) to clean up spills. Using n getter system to recover tritium from 
blanket coolant gas would require a continually operating process; one cose 
would require recovery of about 7 g/dny of tritium from a helium scream with a 

2 tritium concentration of 0.223 ppm . 
Desirable getter characteristics include: 
• Low dissociation pressure of tritium 
• High reactivity (i.e.. fast reaction between tritium and the getter) 
• Large tri*ii«"> capacity 
• ].o\j cost and good availability 
• Resistance to poisoning. 
Of the many candidate getter materials, cerium was selected for this 

study because it has a low dissociation pressure of tritium, the major con
sideration here. In addition, cerium is abundant. Inexpensive, and relatively 
well characterized compared to other getter materials. 

THE CETTERING PROCESS 

The gettering of tritium occurs in several steps: 
• Tritium diffuses from the gas to the getter surface 
• Tritium molecule dissociates to form atoms on the getter surface 
• Tritium atoms diffuse through a lr.yer of trltided getter to reach 

untritided material 
• Tritium atoms react with untritided getter. 

A model of the gettering process appends, of course, on which step controls 
the rate. Unfortunately, the controlling step is not yet known. 

The reaction rate of tritium (or hydrogen) with cerium is not known; even 
that of hydrogen with uranium is subject to considerable disagreement. It is 
also difficult to predict the rate of diffusion of tritium atoms in the trltide 
layer and the rate of tritium dissociation on the surface. 

AS cerium is hydrided, it tends to flake and spall * because of the 
volume change induced by hydriding. This has the effect of continually exposing 
fresh surface. Therefore, diffusion through the tritide layer is not likely 
to be the controlling step. 



Tlic rate of diffusion in the gas phase can bo predicted from mass-transfer 
theories as wall n* from empirical correlation*. 

In dccldinr. which step to credit on rate-determining, the- dl»Koclation of 
the tritium molecule to atoms nnd the diffusion of the tritium atoms through 
the so l id t r i t idc (with the spoiling e f fec t ) were both assumed to he rapid. 
These assumptions were necessary because of the lack of rate dnt.-i for either 
step. The reaction of hydroe.cn with curium Is similar to the reaction of 
hydrogen with uranium in that the two reactions are thought to fiave similar 
mechanisms (both hydrides are very s tab le , the cerium hydride being more stable 
than the uranium hydride, nnd both exhibit plateau regions). Therefore, because 
the uranlun-hydroc.cn reaction is rapid, i t is reasonable to assume that the 
cerium-hydrogen reaction i s also rapid. Thus, the control I inn step In the 
gottcrlng process i s assumed to be gas-phase mass transfer. 

REACTOR TYPES CONSIDERED 

Four types of reactors were considered for achieving the gns-solld contact 
necessary for Bettering: 

• Fixed-bed reactor 
• Moving-bed reactor 
• Fluidi-cd-bed reactor 
• Cocurrcnt pneumotic-cransport reactor. 
The fixed-bed reactor is attractive because of its simplicity of design 

and construction and the relative case with which it can be modeled. This type 
of reactor is discussed in detail in the follovW« section. The moving-bed 
reactor is basically a fixed-bed reactor that can be continually replenished 
with new solids. This type of reactor Is needed only if the solid is quickly 
de-acclvated or consumed. Since neither will be the case, moving beds are not 
considered further. The fluidiied-bcd reactor, suggested by Danner. is 
attractive because of the greater gas-flow rate it can handle. This type of 
reactor Is alto considered in greater detail later. The cocurrenc pneumatlc-
-transport reactor, in which the particles are blown along with the gas, is o sometimes suitable for use with rapid chemical reactions. However, because 
there are no established procedures for desigr Inr. this type of reactor, It Is 
not studied here. 
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oilier reactor types considered briefly but not Investigated In detail 
im-Itide p.ioked fluldizcd beds. In which fluidizntion occurs in che interstices 
of large packings, .mil spouted beds, (n which particles too large to fluldize 
fltiw upward In a fluid spout in the center of the bed and flow downward alone 
the walls. 

REACTOR MODEI.INC 

Ki.Krd-II.J Kv.i.ior 
A : i y.wl-bcd roartor (also called packed bed) consists of a vesse l , usually 

cvl indrlral . with a bairh of sol id powder supported by a mesh screen or similar 
device (see Kip,. 1). C.i9 flows downward through the vessel and through the bed 
of sol id i'«tl«r part ic les . Gas-solid contact Is very e f f i c ient in fixed-bed 
reactors. 

A ,J-;V1 of flxcd-bed reactor performance was developed, using a tritium 
txiss balance on the reactor and a mass-transFer-coefflclent correlation. 

Mash 
support 
for solid 

Fig. 1. Diagram of fixed-bed reactor. 
In this type of reactor, gas 
flows downward through the 
vesse l and the so l id bed, 
providing very e f f i c ient gas-
so l id contact. 
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Bed length L 

Gas bubble 

Gas-sol id 
"emulsion" 
phase 

C i \Parforated-plate Flow ' ,. , ., 1 gas distributor 

Fig. 2. Diagram of a fluidized-bed 
reactor. Gas-solid contact 
i s not as e f f i c ient in this 
type of reactor as in a 
fixed-bed reactor, but a much 
higher gas flow rate can be 
accommodated. 

Fluidlzed-Bed Reactor 
In a fluidtzcd-bcd reactor (Fiji. 2 ) , the so l id getter particles are 

supported by che gas flowing upwards around them. The so l ids are dispersed by 
gas to form an "emulsion phase;" bubbles of gas flow upward through the emul
s ion, carrying much of the gas flow in them. Because much of the pas flows 
through bubbles, which are not in intimate contact with the so l ids , the gas-
so l id contact is l e ss e f f i c ient than in a packed bed, where the entire gas flow 
i s in close contact with so l ids . 

An attract ive feature of fluidized beds, however, i s the fact that once 
the bed i s f luidized, increasing the gas-flow rate has essent ia l ly no effect 
on the pressure drop. This i s in contrast to a packed bed, where increasing 
gas flow increases pressure drop sharply. In a f luidized bed, gas velocity 
need only be low enough that the bed material i s not blown out of the reactor. 
(See Ref. 9 for a more detailed description of fluidized-bed behavior.) 

Development of successful models for fluidized beds has been hampered by 
the cosiplexity of the f luidization phenomenon. No tota l ly satisfactory model 
e x i s t s , though the l i terature i s replete with suggested models. Most models 
require the uBe of parameters that can only be determined experimentally, and 
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this was beyond the scope of this study. One model not requiring experimental 
data -- the bubble-assemblage model by Kato and Wen — was used in this study. 

Mode li n_g_ Jtesml̂ ts 
A suitable fixed-bed reactor is shown in Fig. 3. An imposed restraint 

in this study was minimizing getter material inventory to maximize (relatively) 
tritium concentration in the getter for easier recovery. Also, For large 
particles, the deep interior regions could not be used effectively while, tor 
small particles, prohibitively large pressure drops were experienced. Thus, 
lOO-ym-diam particles were chosen for the study. Even at this size, the pres
sure drop dictated the L/D ratio of the bed to be very small, L/D « 1. 

The 20-mm bed depth is deeper than that needed for a 1% approach to 
equilibrium, which was the design criteria. But, a much shallower depth, while 
able to leach a 1% approach, would mean a bed very difficult to construct and 
operate. A bed 20 mm thick, on the other hand, is much easier to build and yet 
still has a reasonable pressure drop of 20 kPa (3 psi). The large empty chamber 
above the bed serves to even out gas flow across the enttre bed. 

To save gas heating and pumping costs, the bed was designed to operate 
at room temperature and atmospheric pressure. A bed of somewhat smaller 
diameter and larger L/D would be possible at higho': pressure, but the expense 
of a larger compressor would cancel any savings in reactor coat. As it is, 
circulating the gas will require a large blower. Incorporating the getter into 
a filter might be another way of achieving the desired solid-gas contact for a 
bed with this pancake shape. 

A suitable fluidized-bed reactor is shown in Fig. 4. This reactor can 
3 

handle only 5 in /s gas flow — half the capacity of the fixed-bed reactor. Two 
of these beds in parallel are required to attain a total flow of 10 v\ /s and 
to satisfy the 10% approach to equilibrium design criterion (for operation at 
atmospheric pressure and 25°C). The beds are very shallow (about 30 mm deep) 
and are about 5 m in diameter. Such shallow beds will probably require internal 
baffles to keep the solids evenly distributed, despite the fluid nature of the 
bed. The large chamber bolow each bed serves to allow the gas to become uni
form in pressure and velocity before entering the bed. The 6-m-high space 
above each bed is necessary for most of the particles to disengage from the gas 
and fall back to the bed surface. 

This design criterion is less severe for a fluldized bed because this type 
of bed has less efficient gas-solid contact than a fixed bed. 
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Inlet 
from 
blower 

20 mm 

low = 10 mVs <S' 121 kPo (1 .2 atm) 

Baffles 

Gas-distribution 
chamber 

- 3 . 5 m -

Baffles for bed 

Mmt I 1 i » • • • ' • » ' * 

\ 
\ • 

Exit 
to cyclone 
separator 

Getter 
- material 

(650 kg) 

Screen — 250 mesh (63,u) or 
325 mesh ( 4 4 M ) 

Flow = 12.5 m / s @ 101 kPo (1 aim) 

Fig. 3 . Prototype design for fixed-bed getter reactor. 



P = 101 kPa (1 otm) 

Solids-dispercal 
unit (perforated 

Exit to 
cyclone 
separator 

Solids 
from 
regenerator 

doughnut inside 
bed) y . 

Check valve // 

Fluidized 
cerium 

' (100 fim diam, 
1 0 3 k g total) 

Solids 

• Baf F l« for bed v. 

ff 
20 mm 

Perforated / 
plate 
(2.0 x 10 5 holes, 
3.5 mm diam) 

- 5 . 0 m- 5 . 0 m 
(arbitrary) 

Flow = 5 m / s @ 25°C and 102 kPa (1.01 atm) 

Fig. 4. Prototype design for fluidized-bed getter reactor. 
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A few general observations can be made regarding the performance of 
f luidized beds. They a r e : 

• Gas veloci ty in a f luidized bed i s constrained to a cer ta in region. 
With v e l o c i t i e s coo slow, the bed w i l l not ' l u l d i z e ; with v e l o c i t i e s 
too f a s t , the bed w i l l blow out of the r eac to r . The maximum velocl tv 
i s equal to the terminal ve loc i ty a p a r t i c l e would n t t a tn while fa l l ing 
through a gas at the same conditions that ex i s t in the r eac to r . >'or a 
100-pm-diam p a r t i c l e of cerium in argon at atmospheric pressure and 
25"C, the maximum veloci ty is about 1.29 m/s. The minimum f lu id iza t ion 
ve loc i ty for these conditions i s 0,0177 m/s. 

• The minimum cross - sec t iona l area of the r e a c t r r is determined by the 
3 

t o t a l Flow and the maximum ve loc i ty . For a 10-m / s flow at 1.29 m/s, 
the reac tor a rea must be a t l ea s t 7.75 m", corresponding to a vessel 
^3.20 m in diameter. Thus, the f luidized bed must be about the same 
s ize as the fixed bed, or even la rper . In p r a c t i c e , gas veloci ty must 
be considerably below maximum, requi r ing a vessel larger Chan indicated 
above. 

• The f lu id ized bed must be fa i r ly shallow (espec ia l ly with a l a rge -
diameter bed) to have a reasonably small inventory of ge t t e r metal . 
Since a f luidized-bed reac tor must be at l^as t as large as s fixed-bed 
r eac to r , i t should a lso be about as shallow. But, iF Che fluidi^ed bed 
i s too shallow, the bubbles may not form in the bed before the gas 
reaches the top of the bed, r e su l t i ng in poor f lu id i za t ton . 

#> The ca lcula ted pressure drop in the f lu id ized bed was qui te email — 
about 0.5 kPa (0.07 p s i ) . 

COMPARISON OF FIXED- AND FLUIDIZED-BED REACTORS 

A comparison of the two types of reac tors i s presented in Table 1. 
Advantages of the fixed-bed reac tor a r e : 

• T/iC fixed-bed reac tor de^gn i s more r e l i a b l e and l ike ly to work as 
expected than the fi\ .idized-bed design. The a r t of fixed-bed modeling 
i s more advanced than fluidized-bed modeling because the physical 
processes in the former are simpler and b e t t e r understood. 

• For a t o t a l flow of 10 ra / s , the fixed-bed reac tor contains only 650 kg 
of cerium, whereas the fluidized-bed reac tor contains 2000 kg. 
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Table 1. Comparison of fixed- and fluid!zed-bed setter nyateas to treat 
10 m3/» of .iriion contaminated with tritium. 

Fixed bed Fluidized bed 

Uetter material 
Getter particle diameter (un) 
Mass of j'.ottcr in onch bed (k|0 
Number of beds In system 
Bed diameter (m) 
Bed depth (mm) 

Height of bed vessel (m) 
Ratio ot outlet to inlet concentrations 
Pressure drop across bed (kPa) 

cerium powder cerium powder 
100 100 
650 1000 
1 2 
3.5 5.0 
20 .'.0 

'fluidized) 
4.5 10-11 

ons 0.01 0.1 
20 0.5 

• One fixed-bed reactor 3.5 m in diameter can handle the entire 10-ra /s 
flow, while two fluidi£od-bcd reactors 5.0 m in diameter are required 
for the same flow. 

• A fixed-bed ruactor should be simpler to construct and operate than a 
Flutuir.ert-bed in that n fluidized-bed reactor requires more critical 
flow control to ensure proper bed fluidizatioix. 

Advantages of the fluidized-bed reactor are: 
• Pressure drop in a fluidized bed is very snail — about 0,5 kPa 

(0.07 psi) *- compared to 20 kPa (3 psi) in a fixed bed. Thus, gas 
pumping costs arc less for a fluidized-bed reactor. 

• Because solids can be constantly removed from a fluidized bed, it is 
possible to replenish the bed continuously with fresh getter material, 
making continuous fluidized-bed operation feasible. A fixed-bed reac
tor, on the other hand, can only be operated in a batch mode. 

• The continual replenishment of getter material in a flui-Ized bed makes 
it possible to maintain the getter in a relatively fresh state. (In a 
fixed bed, the getter becomes more and more tritided as the bed oper
ates.) This getter freshness should mean more efficient fluidLzed-bed 
performance relative to a fixed-bed. 

• The abrasive action of the solids a&t...ast each other and t';.e reactor 
walls in a fluidized bed may tend to scrub off the outer layer of 
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tritided getter (or a layer of getter reacted with an impurity, such 
as oxygen). This will help maximize the getter reaction rate. 

• A fluidized bed can be operated in a more flexible manner than a fixed 
bed. For example, in a fluidized bed, gas velocity can be increased 
without significantly Increasing bed pressure drop while, in a fixed-
bed reactor, increasing gas velocity increases pressure drop sharply. 

• Reactor design is somewhat uncertain due to the assumption that p.as-

phase mass transfer is the controlling step. If a different step were 
the controlling factor (i.e., one slower than gas-phase mass transfer), 
the size of the fli.idized-bed reactor could be readily increased by 
adding more getter while retaining modest bed pressure drops. Increas
ing the amount of getter in a fixed bed, however, would quickly increase 
the bed pressure drop to excessive levels. 

Continuing problems with fluidized-bed reactors include: 
• Very thin beds may not fluldize properly. Experiments with different 

distributor-plate designs are needed. 
• The abrasive effect of cerium on the reactor walls is not known. 
Considering the factors mentioned above, the fixed-bed reactor has more 

advantages than the fluidized-bed reactor and, as presently modeled, the fixed-
bed reactor is the more desirable of the two. However, if getter-reactor 
volume should need to be greatly expanded due to a different controlling step 
in the reaction model, the fluidized-bed reactor would be more adaptable because 
of its lower pressure drop. 

Estimated capital costs for the two getter-bed systems and for a 
catalytic-oxidation system are given in Table 2. The higher cost of the 
fluidized-bed system is primarily due to its larger inventory of cerium. Both 
fixed- and fluidized-bed systems cost less than the catalytic-oxidation system. 

CONCLUSIONS AND RECOMMENDATIONS 

The major conclusion of this study is that it appears feasible to use 
chemical getters as tritium scavengers and, as shown In Table 2, doing so could 
lead to a considerable reduction in capital cost compared to the large 
catalytic-oxidation systems now used. 

All results reported here are for processes at 25°C and 101 kPa (1 atm). 
The getter concept can also be applied at high temperatures and pressures, 
such as those found in a CTR helium-cooled blanket. Cerium hydride has a 
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Table 2. Summary of costs and performance parameters for fixed- and 
fluidized-bed chemical getter systems and catalytic oxidation 
systems to scavenge tritium from argon. 

Fixed 
bed 

Fluidized 
bed 

Catalytic 
oxidation 

Capital cost, $/(m /s capacity) 
Getter or adsorbent 
Cerium Inventory, kg/(m /s capacity) 
Operating temperature and pressure 
Purification ratio, c./c ° 3 Design purification level, uCi/m 
Form of tritium when recovered 

115,000 133,000 330,000 
Cerium Cerium Molecular sieve 
65 200 -
Ambient 8 Ambient Ambient 
001 0.1 --
<500 <500 <500 
T T2 T 20 

The effect of impurities on chemical getters is uncertain. Impurities do 
require elevated temperatures with catalytic purifiers. 

sufficiently low partial pressure that cerium will perform quite woll even at 
200 to 250°C. High pressure should increase the gettering ability of the 
system, because the partial pressure of tritium in the gas is increased. A 
getter system, therefore* could be used to recover tritium from CTR blankets. 

Finally, based on the findings of this study, the following recoumenda-
tions are made: 

• The rate-controlling step of the gettering process must be determined. 
• The effect of poisoning on the gettering rate, if any, should be 

determined experimentally with cerium for anticipated impurities. The 
use of other getters, or the use of supplemental traps designed to 
pre-getter the impurities, should also be considered. 

• Getter cost could be reduced if mischmetal could be used instead of 
pure cerium. Therefore, mischmetal should be studied for its hydrogen 
gettering ability. 

• The dissociation pressure and decomposition rate of cerium hydride 
should be measured for an extended temperature range. It should be 
possible to reduce regenerator temperature below 1100°C and thereby 
considerably reduce regeneration costs. 

• Scale-model fixed and fluidized beds should be operated to verify the 
models used here. Parameters such as bed-void fractions should be 
measured instead of estimated. 
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• Alcernacive reactor configurations (e.g., an entrained-bed reactor) 
should also be investigated. 

• Applying the getter material onto an inert substrate should be con
sidered as a means of reducing getter inventory while achieving the 
larger particle sizes necessary to obtain low pressure drops and L/D 
ratios of 5-10. 
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